Multiple myeloma is an incurable plasma-cell malignancy characterized by osteolytic bone disease and immunosuppression. Murine models of multiple myeloma and myeloma bone disease are critical tools for an improved understanding of the pathogenesis of the disease and the development of novel therapeutic strategies. This review will cover commonly used immunocompetent and xenograft models of myeloma, describing the advantages and disadvantages of each model system. In addition, this review provides detailed protocols for establishing systemic and local models of myeloma using both murine and human myeloma cell lines.
Introduction
Multiple myeloma (MM) is the second most common hematologic malignancy and is characterized by the proliferation of abnormal clonal plasma cells and the production of monoclonal immunoglobulin. 1 Myeloma is the most frequent malignancy to involve the bone, with 80-90% of patients developing bone lesions during the course of their disease, and MM bone disease remains a major source of patient morbidity and mortality. 2 Although therapeutic advances, including the development of novel agents such as immunomodulators (thalidomide, lenalidomide and pomalidomide) and proteasome antagonists (bortezomib, carfilzomib), have markedly improved the overall survival of myeloma patients, 3 MM remains incurable and myeloma bone lesions persist and rarely heal, even in the absence of active disease.
MM develops from the precursor condition monoclonal gammopathy of undetermined significance (MGUS) as a result of the accumulation of oncogenic events, which vary between patients. These mutations include, but are not limited to, hyperdiploidy, primary IgH translocations, dysregulation of cyclin D1, MYC deregulation, chromosome 13 deletions, loss of chromosome 17p, activating mutations of RAS or B-RAF and secondary translocations. 4 In recent years, it has become clear that an improved understanding of the pathogenesis of myeloma requires consideration of both the genetic abnormalities intrinsic to the malignant myeloma cell and the interactions between myeloma cells and the bone marrow niche (composed of stromal cells, osteoblasts, osteoclasts, endothelial cells, adipocytes and fibroblasts), which are critical for the growth and survival of MM cells. In some cases, however, myeloma cells can lose their dependence on the bone marrow microenvironment, resulting in the development of extramedullary plasmacytomas (soft tissue plasma-cell tumors) and/or plasma-cell leukemia. These developments represent an aggressive form of myeloma with a poor prognosis.
Murine models of myeloma are critical tools for an improved understanding of the pathogenesis of multiple myeloma, mechanisms of disease resistance and the development of new therapeutic strategies. Although a number of preclinical models of MM and extramedullary plasmacytoma have been described and are commonly used, few adequately model malignant plasma cell-bone marrow microenvironment interactions or allow manipulation of the bone marrow microenvironment. In addition, no single system effectively models either the spectrum of accumulated genetic changes acquired by individuals over the course of their disease or the heterogeneity of disease between individual patients. Therefore, it is imperative that investigators choose the model system most appropriate for their individual research program. For example, an investigator interested in preclinical screening of myeloma compounds will likely choose in vivo model systems that are different from an investigator interested in the progression of MGUS to MM. The choice of system will ultimately depend on a number of factors, including the requirement for an intact host immune system, the use of human cell lines or primary human myeloma cells, the extent of osteolytic bone disease that can be induced in the system and the ability to genetically modify the myeloma cells, the host microenvironment or both. In this review, we describe several preclinical immunocompetent and xenograft models of myeloma and provide detailed protocols for establishing systemic and local disease in the C57BL/KaLwRij 5T Radl, RAG-2 À / À or beige/nude/SCID models of murine myeloma and the Fox Chase SCID model of human myeloma.
Materials and Methods
Protocols for establishing disease in murine model systems must be presented to and approved by institutional animal care committees prior to initiation and should be performed under the supervision of appropriate veterinary staff. Institutional regulations regarding specific procedures, including the frequency and allowable volumes of blood that may be drawn from animals during the course of an experiment, may vary from the guidelines provided here. Suggested protocols described are to be used as guidelines, and modifications may be necessary depending on institutional requirements, models used or experimental questions. 8. Hold and apply pressure at the injection point for a few seconds to stop the bleeding from the tail. 9. Return the mouse to the cage and monitor for a few minutes. 10. Weigh the mice weekly and monitor them regularly. 11. The mice become paraplegic and develop features of myeloma B4 weeks after inoculation.
Subcutaneous injection. Subcutaneous injection over the flank is used to induce solitary plasmacytomas. This is a useful method to determine the rate of tumor growth at extraosseous sites independent of the bone marrow microenvironment.
1. Induce anesthesia. 2. Remove hair from the site of inoculation. 3. Mix myeloma cells thoroughly before drawing the cell suspension into the syringe with a needle. 4. Once the mouse is anesthetized, gently free the skin over the flank from the underlying muscle using a pair of blunt forceps. 5. Inject 10 6 cells in 100 ml of PBS directly beneath the skin over the flank. Subcutaneous injection of human myeloma cells may require matrigel for successful tumor infiltration in xenograft models, 5 whereas murine myeloma cells grow well in C57BL/KaLwRij mice without a requirement for matrigel. 6 6. Inject 100 ml of PBS for non-tumor control mice. 7. Monitor the mice until they recover from anesthesia. 8. Once tumors are palpable, make serial measurements of tumor diameters daily in three dimensions using electronic calipers. 9. Calculate tumor volumes using the following formula: 4p/3 Â (width/2) 2 Â (length/2). 7 10. Kill the mice when their tumors reach the diameter stated by individual institutional guidelines.
Intratibial injection. Inoculation of myeloma cells into the cortex of the anterior tuberosity of the tibia, through the tibial plateau, can reliably induce lytic bone lesions in the limb that was directly inoculated. Using this model, little systemic disease is noted outside of the injected limb. In addition, the non-injected (contralateral) limb rarely develops lytic disease and thus can be treated as a control.
1. Anesthetize animals and pre-treat mice with an analgesic of choice prior to injection. 2. Clean legs to be injected with betadine and 70% ethanol.
Hair and skin do not need to be removed. 3. Suspend myeloma cells in 20 ml total suspension volume.
Inject myeloma cells or saline control into the anterior tuberosity of the tibia with a 27-gauge 0.5-inch needle while flexing the knee. After penetration of the cortical bone, the needle is further inserted into the shaft of the tibia.
Advantages and disadvantages of in vivo myeloma models ST Lwin et al 4. To prevent leakage of the cells or saline from the injection site, a sterile cotton swab is held against the site for 1 min following removal of the needle. 5. Monitor tumor progression in mice weekly by x-ray, microCT (under isoflurane) and/or fluorescent imaging.
Weekly blood collection 1. Weigh the mice and take blood weekly. 2. Collect B10 ml (or a volume allowable by institutional guidelines) of the blood with a pipette and transfer to 1.5 ml Eppendorf tubes on ice. 3. Once the blood has clotted, centrifuge the tubes at 6500 r.p.m. for 5 min at 4 1C and collect the sera and store at À 80 1C.
Bioimaging
Tumor progression in mice injected with green fluorescent protein (GFP)-or luciferase-tagged myeloma cells can be monitored by in vivo fluorescence imaging, bioluminescent imaging or magnetic resonance imaging (MRI). 5, 8, 9 Fluorescent imaging 
Calcein injection to measure bone formation rate
To determine dynamic changes in bone formation, inject mice intraperitoneally with 20 mg kg À 1 calcein green in PBS (pH 7) B2 and 6 days prior to experimental end point. Different fluorophores such as calcein green, tetracycline yellow, xylenol orange and alizarin red can also be used to measure bone formation 10 The time between each fluorophore varies depending on the age of the mice used. 11, 12 After mice are killed, collect the spines and then fix in 10% neutral-buffered formalin for at least 48 h at 4 1C.
Spine embedding in resin and histology. Monomer mix II: 100 ml monomer mix I 0.5 g wet benzoyl peroxide Mix and filter through calcium chloride to remove water. Use a glass funnel lined with gauze to hold in the calcium chloride pellets and pour the solution over the pellets.
Monomer mix III: 100 ml monomer mix I 1 g wet benzoyl peroxide Mix and filter through calcium chloride.
3. Make embedding mix just before use and pour quickly, embed the spines in glass scintillation vials and leave the vials in explosion-proof À 20 1C freezer for 2-3 days.
Embedding mix: 100 ml cold monomer mix III 400 ml N, N-dimethyl-p-toluidine 4. Once the resin polymerizes, wrap the glass vials well in paper towels and break the vials by hitting gently with the hammer. Wear eye protection. 5. Carefully wash blocks under a running tap. 6. Cut 6-mm thick sections using microtome and view unstained by epifluorescence microscopy and measure bone formation rate by using OsteoMeasure software (Osteometrics, Inc., Decatur, GA, USA).
Culling procedure 1. At the end point of in vivo studies, weigh and kill the mice. 2. Immediately collect blood and process as described in the section 'Procedure before myeloma cell inoculation' step 5 to obtain sera.
3. Collect hind legs, spleens and spines. 4. If desired, weigh the spleen and cut a small piece of spleen from myeloma-bearing mice from the same area from each mouse. Obtain splenic cells by homogenization in PBS. 5. Lyse red blood cells for 5 min on ice, using lysis buffer consisting of 155 mM NH 4 Cl, 0.1 M KCO 3 and 0.5 M Na 2 EDTA. 6. Wash the cells with PBS and fix with 4% formalin overnight at 4 1C. 7. Wash the splenic cells with PBS. 8. Fix the rest of the spleen, spine and one hind leg with the femoral head and end of tibia cut off in 10% formalin. 9. Assess tumor burden in the sera by enzyme-linked immunosorbent assay (ELISA) analysis of the myelomaspecific immunoglobulin IgG2bk, as developed previously. 13 
Filter fixed cells from both bone marrow and spleen through
a 70 mm filter (Thermo Scientific, Waltham, MA, USA). 11. Assess tumor burden in spleen by quantitating the percentage of GFP-positive myeloma cells using flow cytometric analysis. 12. Measure myeloma bone disease by microcomputed tomography (mCT), histology and histomorphometric analysis.
Bone marrow isolation by centrifugation
1. After collecting the hind limbs, cut the ends off of the tibia and femur from one limb (Figure 1 ).
Place both the tibia and femur in 0.5 ml Eppendorf tubes with
open ends at the bottom of the tubes. 3. Cut the lids off of the 0.5 ml Eppendorf tubes. 4. Place Eppendorf tubes with bones in the 1.5 ml Eppendorf tubes with 500 ml of PBS in each tube. 5. Isolate bone marrow by centrifuging mouse tibia and femur at full speed for 2 min (Figure 1 ). 6. Wash bone marrow lysates with PBS. 7. Lyse red blood cells and analyze tumor burden as described in section describing method for Calcein injection, steps 5, 6, 7, 10 and 11.
Assessment of tumor burden by ELISA 
Mouse Model Selection
Preclinical murine models of multiple myeloma include immunocompetent and immunodeficient mouse myeloma models, xenograft models of human myeloma in mice (in which primary human MM cells can be grown in immunodeficient mice) and genetically engineered models, which attempt to recreate the driver mutations responsible for the development of myeloma from MGUS ( Table 1) . Each system has unique strengths and weaknesses, which must be evaluated in the context of the research question to be addressed. 17 From the 5T Radl murine myeloma model, a series of distinct myeloma cell lines were established from different original donor animals: 5T2 and 5T33, as well as 5TGM1, a subsequent subclone of the 5T33 line. Inoculation of each of these cell lines into C57BL/KaLwRij mice resulted in myeloma growth within the bone marrow, increased myeloma-specific serum paraprotein and osteolytic bone disease. 15, 18, 19 Inoculation of 5T2 cells into C57BL/KaLwRij mice recapitulates features of human myeloma and the associated bone disease within B3 months; however, these cells do not survive well in vitro and can only be reliably maintained by direct passage from mouse to mouse, limiting their utility for in vivo studies. 5T33 and 5TGM1 cells, in contrast, can be easily cultured in vitro. Marrow replacement with tumor is evident B4 weeks after inoculation of 5T33 or 5TGM1 cells, with a significant increase in paraprotein detectable after B2 weeks. 5TGM1 cell inoculation, unlike 5T33, also results in the development of lytic bone lesions. Although this model represents only a single clonal type of murine myeloma, the intact immune system of the 5T Radl model provides a major advantage over other immunocompromised murine myeloma models. Intriguingly, a recent study has shown that C57BL/KaLwRij mice have a Samsn1 deletion, a finding shared with malignant plasma cells from patients. 20 5TGM1 cells only grow when inoculated into C57BL/KaLwRij mice and do not grow in the closely related C57BL/6 mice. Changing the host microenvironment, either by co-inoculation of bone marrow stromal cells derived from a myeloma-bearing mouse, or via diet-induced obesity, can allow myeloma development in otherwise non-permissive C57BL/6 mice. 21, 22 An additional limitation of the 5T Radl model is that it is difficult to cross with genetically modified murine models, thus limiting the model's utility in modeling specific mechanisms involved in myeloma. Xenograft murine myeloma models: SCID and NOD/SCID models Xenograft models, in which human MM cell lines are injected into immune compromised mice (for example, severe combined immunodeficient (SCID), nude, non obese diabetic (NOD)/SCID, etc.), can be used to establish systemic disease (via intravenous injection of MM cells) or local disease (via subcutaneous or intratibial injections). These models offer the opportunity to evaluate homing of MM cells to the bone marrow 8 and to test the efficacy of therapeutics against human myeloma in vivo. 24, 25 The utility of xenograft models for the evaluation of myeloma cell interactions within the bone marrow microenvironment, however, is not fully understood, as the myeloma bone marrow microenvironments induced in these animals are not easily translated to humans. A recent study using bioengineered nanoparticles capable of targeting bone and delivering pharmaceuticals to the bone marrow space demonstrated that pre-treatment of NOD/SCID animals with bone-targeting nanoparticles altered the bone marrow niche, delaying engraftment of luciferase-tagged MM1.S (human) MM cells following intravenous injection. This suggests that NOD/SCID models can be used to modulate MM cell-bone marrow microenvironmental interactions. 26 Several NOD/SCID myeloma models using intravenous injection of human myeloma cell lines, including JJN3, U266, OPM2, XG1, KMM-1, MM.1S, HuNS1, RPMI-8266 and L363, (some of which have been modified to express a fluorescent tag to aid in assessment of tumor volume) or primary human myeloma cells have been described. 8, 27, 28 Similarly, successful tumor engraftment has been reported with multiple human myeloma cell lines and SCID mice pre-treated with sublethal irradiation doses. [28] [29] [30] [31] In these models, intravenous injection of xenograft cells results in tumor that involves the bone marrow but is not limited to the marrow space. Consistent development of osteolytic bone lesions without dissemination outside of the bone marrow has been described in NOD/SCID models following intravenous injection of JJN3, OPM2 and U266 cell lines, and bone loss has been described following injection of the RPMI-8226 cell line. 28, 32 In contrast, intravenous injection of other human MM cell lines, such as KMM-1, into the irradiated NOD/SCID model can result in diffuse extraskeletal disease involvement with plasma-cell infiltration in the bone marrow, as well as the spleen, lungs and liver. 28, 33 The presence of extensive extramedullary tumor in these models can be considered a disadvantage as they model an extremely aggressive transformation of myeloma and may not be representative of the more typical indolent course of many cases of human myeloma. In addition, the majority of human MM cell lines are derived from primary human plasma-cell leukemia samples, which have lost their dependence on the marrow microenvironment and are not representative of the heterogeneity seen in patients. 34 Although models that employ primary human samples avoid this problem, design of these experiments must include consideration of the need for a larger sample size than experiments that use cell lines, due to patient variability.
SCID-Hu and SCID-Rab models. The SCID-Hu and SCID-Rab models address the problem of how to accurately model the human myeloma marrow microenvironment in vivo and allow the use of primary myeloma cells isolated from patients with multiple myeloma. The SCID-Hu model requires implantation of human fetal bone tissue into irradiated SCID mice, a practice that has raised ethical concerns, before intravenous injection of primary human myeloma cells or human myeloma cell lines. In this system, both human myeloma cell lines and primary human myeloma cells home to the human but not the murine bone marrow. 35, 36 It is important, however, to recognize that fetal bone does not accurately recreate the myeloma microenvironment, as development of myeloma occurs almost exclusively in adults. The SCID-Rab model similarly utilizes subcutaneous implantation of non-murine bone tissue, in this case, rabbit bone, into the flank of a SCID mouse. The SCID-Rab model can reproducibly support the growth of primary myeloma cells in the rabbit marrow microenvironment, 37 produce monoclonal immunoglobulin and induce lytic bone lesions, providing a reliable means for testing the efficacy of drug compounds against human myeloma cells but unfortunately not replicating the human myeloma microenvironment. 29 Vk12653 and Vk12598 (murine) C57BL/6 Immunocompetent IgG (murine) 46, 48 Advantages and disadvantages of in vivo myeloma models ST Lwin et al Although the use of rabbit tissue circumvents the ethical concerns associated with the use of fetal human tissue, the SCID-Hu model has an advantage over SCID-Rab model in that it models a human bone microenvironment as opposed to a rabbit bone marrow microenvironment.
SCID-synth-hu model. Similar to the SCID-Hu and SCID-Rab models, the SCID-synth-hu model provides a system for in vivo engraftment of human or murine MM cells. In this model, a synthetic 3-D-bone-like, cylindrical, poly-e-caprolactone polymeric scaffold coated with mouse or human bone marrow stromal cells is subcutaneously implanted into the flank of a SCID mouse. 38 Successful engraftment of human IL-6 and bone marrow-dependent MM cell lines, primary MM cells and peripheral blood plasma-cell leukemia cells on scaffolds coated with human but not murine bone marrow stromal cells has been demonstrated. Importantly, primary human MM cells can be engrafted to scaffolds coated with their own (autologous) bone marrow stromal cells and demonstrated long-term (3-4 months) survival with detectable human monoclonal protein production in the mouse sera. This model has proven suitable for in vivo screening of preclinical MM agents.
Another synthetic bone model uses silk scaffolds to generate tissue-engineered bones (TEBs). TEBs are loaded with MM1.S myeloma cells and then inoculated subcutaneously into nude mice. Dissemination and homing to distant skeletal sites can then be observed by confocal microscopy and immunofluorescence. 39 Genetically engineered models Multiple recurrently mutated genes have been implicated in the pathogenesis of myeloma, and significant intraclonal heterogeneity exists within individual patients. 40 As spontaneous development of plasma-cell neoplasms in mice is rare, a number of genetically defined murine myeloma systems have been developed in attempt at modeling these mutations and better replicating the pathogenesis of human MM. These efforts have generally involved targeted oncogene expression in B cells with or without mutations in tumor suppressor genes.
IL-6-and MYC-driven models. IL-6 is a potent growth and survival factor in MM that is predominantly secreted by stromal cells in the myeloma bone marrow microenvironment. 41 IL-6 transgenic BALB/c (C) mice (H2-L d -IL-6) develop plasmacytomas and demonstrate a t(12;15) translocation involving c-Myc in the majority of cases; 42 however, penetrance in this model is incomplete (40% at 12 months). As several transgenics have also been generated to target the t(12;15) translocations identified in plasmacytoma models (termed iMyc Em and iMyc Ca ), and which mimic the human MYC mutations seen in Burkitt's lymphoma, intercrosses of H2-L d -IL-6 and iMyc transgenics on BALB/c mice have been generated to create MM models with a shorter latency and a higher penetrance. The resultant doubletransgenic animals, referred to as C.IL-6/iMyc, demonstrate 100% penetrance with a latency of 3-6 months and phenotypic consistency. 43 Interestingly, 18 F-FDG-PET/CT imaging can be used to monitor tumor progression and response to treatment in this model. 44 Rearrangements of MYC are late progression events in MM that are found in B40% of advanced MM tumors and have welldefined roles in a number of tumor types. Early attempts at forcing MYC expression, such as those using the Em enhancer, which drives transgene expression throughout the B-cell development (Em-Myc transgenic model 45 ), resulted in the development of pre-germinal center lymphomas early in life. The Vk*MYC model is an immunocompetent, de novo model that takes advantage of the propensity of C57BL/6 mice to develop a monoclonal gammopathy with advanced age. 46 In this model, sporadic activation of an engineered MYC transgene flanked by k-light-chain regulatory sequences and initiated by somatic hypermutation is introduced into C57BL/6 mice. The resulting disease shares biologic and clinical features with human MM. 47 The majority of Vk*MYC animals have an indolent disease course reminiscent of human MM and with age develop a progressive monoclonal plasma-cell population restricted to and dependent on the bone marrow microenvironment. This model also has readily quantifiable monoclonal immunoglobulin secretion (detectable at 20 weeks of age), immunoglobulin deposition in the kidneys and diffuse osteoporosis, as measured by bone mineral density and microCT analysis of femurs, and has proven useful in screening MM therapeutics. 47, 48 Penetrance of the Vk*MYC model, as defined by detectable serum monoclonal protein, is 80% by 50 weeks, whereas monoclonal proteins are detectable in 25% of wild-type mice at this time point.
The indolent disease course and late onset of the Vk*MYC model have been interpreted as both an asset (an example that the disease faithfully models clinical features of human MM) and a weakness. Interestingly, a transplanted Vk*MYC (tVk*MYC) model, in which total bone marrow from a Vk*MYC animal is transplanted into wild-type mice following sublethal irradiation, has been used as a model of relapsed refractory MM, similar to the transformation of MM to a more aggressive phenotype. 46 Two independent bortezomib-resistant myeloma cell lines, Vk12653 and Vk12598, were generated from aged Vk*MYC animals. Similar to the 5T myeloma cell lines, these cell lines can be transplanted to younger syngeneic mice, allowing myeloma engraftment around 4 weeks after transplantation, but cannot be maintained in vitro. In comparison with Vk12653, the Vk12598 cell line has been shown to respond completely to melphalan treatment and to partially respond to doxorubicin. Hence, the establishment of these cell lines has permitted investigation of the efficacy of single and combination therapy in vivo. 46, 48, 49 The Em-xbp-1s model. XBP-1 regulates the unfolded protein response and plasma-cell differentiation, is abundantly expressed in human MM cells and can be induced by IL-6, a cytokine that has a critical role in the development of human plasma-cell neoplasms (described further below). Transgenic C57BL/6 mice with XBP-1 overexpression driven by the Em enhancer develop a MGUS-MM model with a shortened life span and phenotypic changes in the skin (epidermal thickening with hyperkeratosis and lymphoplasmacytic infiltrates) similar to those seen in the rare plasma-cell disorder POEMS (polyneuropathy, organomegaly, endocrinopathy, serum monoclonal protein and skin lesions) and kidneys resembling human plasma-cell disorders, by 40 weeks. 50 Lytic bone lesions have also been described in this model. Similar to Advantages and disadvantages of in vivo myeloma models ST Lwin et al the Vk*MYC model, the Em-xbp-1s has been criticized for its long latency. In addition, the Em-xbp-1s model has a low penetrance, with 60% of transgenic animals developing skin changes (rate of development of renal abnormalities was not reported), although the majority of transgenic mice but not control littermates did develop a monoclonal protein in the serum by 20 weeks.
L-GP130 model
The IL-6/JAK/STAT transduction pathway is well-characterized in MM cell growth and survival. Association of the IL-6/IL-6R complex with GP130, a ubiquitously expressed signal transduction component, is critical for human MM survival and proliferation. The L-GP130 model is a retroviral bone marrow transduction-transplantation MM model that transplants IL-3-dependent BA/F3 cells (pre-B cell) that have been infected with a retrovirus encoding the constitutively activated form of GP130, L-GP130, into lethally irradiated syngeneic recipients. 51 The resultant disease has high penetrance, is transplantable into secondary recipient mice and is characterized by bone marrow infiltration with lytic bone lesions, protein deposition in the kidney and monoclonal gammopathy. In addition, analysis of L-GP130 myeloma demonstrated acquired genomic Myc abnormalities.
Choice of Myeloma Cell Lines
Murine and human myeloma cell lines and primary human myeloma cells can be used in preclinical in vivo models. Although xenograft models using primary human myeloma cells would seem an obvious choice for studies of both the pathogenesis of human myeloma and evaluation of new therapeutic strategies, it is frequently difficult to obtain adequate numbers of primary patient cells at a single time point. Investigators have reported successful engraftment of multiple well-characterized murine and human myeloma cell lines, including, but not limited to 5T myeloma cells (discussed above), ARH-77 cells (a human lymphoblastoid cell line), 52 the human JJN3 myeloma cell line 29 and IL-6-dependent myeloma cell lines. 30 Choice of cell line is generally dependent on the pace of tumor engraftment, characteristics of the particular tumor type (that is, propensity to develop lytic bone lesions or not) and the type of monoclonal protein that is produced.
Conclusion
This review provides an overview of current preclinical models of myeloma and includes specific methods. At the present time, there is no perfect model for the study of multiple myeloma and the associated bone disease, as human cells cannot be studied in an immunocompetent mouse. Therefore, a thorough understanding of the advantages and disadvantages of each model is required in order for an investigator to make a fully informed decision as to the most appropriate model for each research question.
